Introduction
The trigger for wide research of Cu-Al-Mn alloys in recent years is their easy manufacturing, low cost as well as good properties, especially electric properties and thermal conductivity. The special emphasis of investigations are Cu-Al-Mn shape memory alloys (SMA), that shows unique properties of remembering their shape as well as recovering to original shape under temperature changes or plastic deformation [1] [2] [3] [4] . Cu-Al-Mn alloys display advantage in technological applications over other Cu-based SMA alloys, such as Cu-Al-Ni, Cu-Al-Zn etc., according to significantly higher ductility and ability of cold deformation [5, 6] . The addition of quaternary element to Cu-Al-Mn alloys, improves their properties and meet the standards for application as sensors or actuators, in automotive industry, robotics, aerospace or biomedical sectors [7] [8] [9] . Sutou and co-authors investigated the influence of Ti, Cr, Co, Fe, Ag, Au, Ni, Zn, Si and Sn on the shape memory effect and pseudoelasticity of Cu-Al-Mn alloys [10] . He reported that addition of Fe, Au, Zn, Ni and Ti improves shape memory effect (SM) of alloys, while Co, Si, Sn and Cr decrease temperature of martensitic transformation (M s ) as well as their ability to coldworkability. The effect of Ce on the microstructure and phase transformation temperatures on Cu-Al-Mn SMA alloy was reported by Chen [11] , while Canbay presented the effect of Fe on the enthalpy and entropy values of Cu-Al-Mn-Fe system [12] .
From thermodynamic point of view, binary systems Cu-Al, Cu-Mn and Al-Mn are well known, but ternary Cu-Al-Mn system is still the object of intensive investigations [13] [14] [15] [16] [17] . Cu-Al system was studied extensively by Murray and Liu [14, 18, 19] . Thermodynamic description of Cu-Mn binary system was given Cuiyun He, Young Du and co-authors [20] and Mn-Al system by Young Du and A. Shukla [21, 22] .
Single b-phase in Cu-Al binary system is stable in compositions of 20 -28 % of aluminium, but the addition of manganese stabilizes b-phase and widens the composition region. b-phase is parent phase for formation of martensitic b` phase, and consequently causes shape memory (SM) and pseudoelasticity (PE)
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Dedicated to the memory of Professor Dragana Živković effects in material [23] . In wide composition range of b-phase, in Cu-Al-Mn alloys, order-disorder transitions occur: A2 (disordered bcc Cu) -B2 (CuAl) -L2 1 (Cu 2 AlMn). Heusler, L2 1 , phase has ferromagnetic properties, as a result of atomic ordering of manganese atoms [19] . Kainuma [24] reported that low aluminium content, lower than 17 % at. shows excellent ductility of Cu-Al-Mn alloys as well as cold-workability, due to lower degree of order of b-parent phase. Vis-a-vis, SM properties decrease with aluminium content and with A2 parent phase [25] . Therefore, the balanced composition of Al and Mn elements in ternary alloy is crucial for its final properties. Thermodynamic description of the ternary Cu-Al-Mn system was given by Lucas [26] and Miettinen [27] . Miettinen gave parameters optimized according to experimental procedure for ternary system, but only for Cu-rich corner of phase diagram.
In this paper, the influence of different contents of aluminium and manganese in Cu-rich ternary Cu-AlMn alloys on the thermodynamic equilibrium, microstructure and phase transformation temperatures is reported.
experimental
Cu-Al-Mn alloys were prepared by melting of raw materials from manufacturer MaTeck MaterialTechnologie&Kristalle GmbH: copper, purity of 99.99 % (pellets 6x6 mm), aluminium, purity of 99.99 % (granules 2-10 mm) and manganese, purity of 99.99 % (pieces 3-12 mm). Melting of pure metals was performed in the electric-arc furnace, under argon atmosphere. Samples were re-melted 3 times due to better homogenization of alloy, with cycles of vacuuming and 15 minutes argon leakaging before each re-melting. After that, samples were casted in the cylindrical moulds with dimensions: diameter of 8 mm and length of 12 mm. Experimentally determined samples compositions based on results of EDS analysis are given in Table 1 
thermodynamic calculations
Thermodynamic calculations performed in this work are based on the CALPHAD method and minimization of Gibbs free energy of system [28, 29] . In this work calculation were done using thermodynamic parameters of pure elements according to SGTE database [30] and optimized thermodynamic parameters from Miettinen [27] . Phases considered in calculation with their crystallographic data are presented in Table 2 . From Fig. 1 it could be seen that during cooling of Microstructural analysis of Cu-5.5 %wt. Al-9.4 %wt. Mn alloy shows two-phase morphology, where according to EDS based compositions matrix is identified as a-phase, while the composition of the discrete phase fit well to that of Cu 3 Mn 2 Al (t 3 ) phase ( Fig. 2 and 3) . Experimental results are in agreement with the results of phase equilibria calculation.
results and discussion
Transformation temperatures obtained under nonequilibrated heating of specimen from room temperature till 1150 °C in the DSC cell are given in Fig. 4 . Small endotherm detected at 405 °C is described as beginning of dissolution of Cu 3 Mn 2 Al (t 3 ) phase, while the second peak, observed at 765 °C to dissolution of b-phase. Solidus temperature is determined at 915°C, which is in very good agreement with thermodynamic calculations shown in Fig. 1 (T s = 920 °C). [26] According to thermodynamic calculations expected stable phases for the Cu-7.1%wt. Al-9.6%wt. Mn alloy at room temperature are a-phase (Cu fcc phase) and t 3 (Cu 3 Mn 2 Al phase) (Fig. 5a,5b) . The results of microstructural analysis for the Cu-7.1%wt. Al-9.6%wt. Mn alloy pointed out the two-phase a+b morphology, as can be seen from OM and SEM micrographs in ordering transformations because of lack of optimized thermodynamic data. According to the previous investigations [24] , both ordering transitions depend on the content of aluminium rather than content of manganese in alloy. Decreased amount of aluminium in ternary alloy affects precipitation of a-Mn (cbcc-phase)
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as it is predicted by the results of thermodynamic calculations shown in Fig 9. During cooling of Cu-1.2 %wt. Al-8.9 %wt. Mn alloy, a-Mn (cbcc phase) starts to precipitate at 174 °C (Fig. 9 ). Precipitation of a-Mn is obvious from optical and SEM micrographs (Figs 10 and 11) and it is confirmed by X-ray diffraction (Fig 12) . Position of related DSC peak is observed at 194°C (Fig 13) . It should be noted that solidus temperature as well as onset temperature for melting of a-phase are somewhat lower than theoretical values, T s = 943 °C and T a = 975 °C (Fig 13) .
Cu-11.4%wt. Al-10.1%wt. Mn alloy solidifies with primary cristalization of b-phase (bcc phase) and at 393 °C ternary eutectoid reaction a + g + t 3 « b occurs, with formation of t 3 -phase (Cu 3 Mn 2 Al) (Fig  14a, 14b) . Optical and SEM images of the microstructure are presented in Figs 15 and 16 .
DSC results show dissolution of t 3 phase at 500 °C and a and g phases at lower temperature, around 300 °C (Fig 17) . Endothermic peak detected around 700 °C probably is related to order-disorder transition B2/A2. 
conclusion
Four as-cast Cu-rich Cu-Al-Mn alloys with variable contents of Al and Mn were explored in presented study. Thermodynamic calculations produced equilibrium phases for each composition as well as their stability intervals, which were experimentally tested by DSC and confirmed by XRD measurements. Evaluated phase transformation temperatures through experiment procedure show reasonable agreement with theoretically predicted values. Optical microscopy, scanning electron microscopy and XRD analysis mainly confirmed thermodynamically predicted phase morphology. Cu-Al-Mn alloy with 1.2 %wt. of aluminum showed precipitation of a-Mn in Cu matrix with fcc crystal structure. Alloys with higher aluminum and manganese content show presence of a-phase and t 3 -phase, while Cu-11.4 %wt.Al-10.1 %wt.Mn alloy achieved eutectoid solid solution.
